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Abstract
Electrochemical additive manufacturing (ECAM) offers a lower energy alternative to 
metal 3D but remains limited by slow builds and scalability hardships. This project 
investigates a photocurable resin-electrolyte process that allows for localized, layer-by-
layer deposition at room temperature. By integrating photopolymerization with 
electrochemical deposition, the proposed method aims to improve spatial control, 
fabrication efficiency, and precision. This approach has potential to advance small 
scale manufacturing for applications in electronics, sensors, and devices.

Research Objective
The objective of this project is to develop and evaluate a photocurable resin–
electrolyte process for electrochemical additive manufacturing that enables precise, 
layer-by-layer metal deposition at room temperature. This work aims to investigate the 
effects of key process parameters, including applied current, electrolyte composition, 
and layer thickness, to improve spatial control, fabrication efficiency, and structural 
quality of printed metal microstructures.

Method
Solution consists of 
PEGDA 700 and copper 
nitrate (Cu(NO₃)₂)
PEGDA 700 acts as the 
photocurable polymer 
matrix
Cu²⁺ ions provide the 
metal source for 
electrodeposition
NO₃⁻ ions act as 
spectator ions in 
solution

The substrate is immersed in a PEGDA–
copper nitrate solution, where light 
exposure induces polymerization and 
simultaneous copper deposition.
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Each stage represents one fabrication 
cycle, where light-induced 
polymerization and electrochemical 
deposition form a single layer.
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Key Observation
The coupling of photopolymerization and 
electrochemical deposition enabled 
localized and controlled material growth.

Future work will focus on further improving the adhesion and mechanical stability of printed 
structures through material and process optimization, while also exploring multi-material 
integration to enable more complex and functional designs. In addition, efforts will be directed 
toward investigating the scalability of the process for larger and more intricate geometries, as 
well as refining key parameters to optimize resolution and surface finish, ultimately enhancing 
the overall performance, reliability, and applicability of the manufacturing approach.

Thanks to the support of the FURI Program!

[1] K. Mizushima, T. Nishimura, Y. Suzuki, T. Tsuji and T. Watanabe, “Surface Texture of Deformable Robotic Fingertips for a Stable Grasp 
Under Both Dry and Wet Conditions,” in IEEE Robotics and Automation Letters, vol. 2, no. 4, pp. 2048–2055, Oct. 2017. doi: 
10.1109/LRA.2017.2717082.
[2] Yang, X., Dargaville, B. L., & Hutmacher, D. W. (2021). Elucidating the Molecular Mechanisms for the Interaction of Water with 
Polyethylene Glycol-Based Hydrogels: Influence of Ionic Strength and Gel Network Structure. Polymers, 13(6), 845. 
https://doi.org/10.3390/polym13060845
[3] Han, D., Lu, Z., Chester, S. A., et al. Micro 3D Printing of a Temperature-Responsive Hydrogel Using Projection Micro-Stereolithography. 
Sci Rep, 8, 1963 (2018). https://doi.org/10.1038/s41598-018-20385-2
[4] Ragelle, H., Tibbitt, M. W., Wu, S. Y., et al. Surface tension-assisted additive manufacturing. Nat Commun, 9, 1184 (2018). 
https://doi.org/10.1038/s41467-018-03391-w

Copper rod

Layer Thickness Measurements

pH Level Measurements

Additive Concentration Measurements
Current Density Measurements

Curing Depth Measurements

Optimization of the electrochemical additive manufacturing process was performed to 
achieve uniform and stable metal growth. Under non-optimized conditions, the 
process resulted in non-uniform deposition and reduced adhesion, whereas optimized 
parameters produced more consistent layer formation and improved structural 
integrity. Process conditions were selected based on literature and refined through 
iterative testing to balance deposition rate, surface quality, and layer uniformity. In 
particular, optimizing pH and current density was critical for achieving controlled, 
repeatable fabrication and enhancing overall print quality.
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